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[57) ABSTRACT

In accordance with one aspect of the present invention,
provided is a semiconductor device comprising a semi-
conductor chip which is directly covered with a resin
material having a light shielding property as well as a
film which is provided on the resin material for shield-
ing the semiconductor device against light. The film
may be formed by a seal having a surface which is cov-
ered with a metal and a rear surface which is colored
black, a layer of a metal or ceramics which is deposited
in a vapor phase, or a coating of an insulating material
whose refractive index is different from that of the resin
material. In another aspect of the present invention,
provided is a semiconductor device which is directly
covered with a resin material mixed with a light absorb-
ing material. In still another aspect of the present inven-
tion, provided is a semiconductor device comprising a
semiconductor chip, having a surface covered with
black polyimide, which is further covered with a resin
material having a light shielding property. In a further
aspect of the present invention, provided is a package
for covenng a semiconductor device which is mounted
on a wiring board. Accordmg to such improvement, a

light shielding property is improved particularly in
relation to a thin semiconductor device whose thickness
is only about 1 mm, and the semiconductor device is

prevented from a malfunction caused by light.

8 Claims, 4 Drawing Sheets
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SEMICONDUCTOR DEVICE IMPROVED IN
LIGHT SHIELDING PROPERTY AND LIGHT
SHIELDING PACKAGE

This application is a continuation of application Ser.

No. 07/792,872, filed Nov. 19, 1991, now U.S. Pat. No.
3,371,195.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
device and a package for a semiconductor device, and
more particularly, it relates to an improvement of a
semiconductor device for protecting a semiconductor
chip against light.

2. Description of the Background Art

In recent years, a semiconductor chip is generally
directly housed with a molded resin material, to be
applied to a semiconductor device. The semiconductor
chip i1s mainly covered with an epoxy resin material,
which is mixed with a coloring agent such as carbon
black, a filler and the like at need. In a conventional
semiconductor device, such a resin material protects the
semiconductor chip against light.

In relation to semiconductor devices having photode-
tectors, there have been reported various light shielding
means, which are adapted to prevent portions other
than such photodetectors from irradiation of light. For
example, Japanese Patent Laying-Open No. 62-205649
(1987) discloses a semiconductor device comprising a
photodetector and an IC connected thereto, which are
sealed with a light transmitting resin material. The resin
material 1s covered with a light shielding coating mate-
rial, except for a window for applying light to the pho-
todetector. Japanese Patent Laying-Open No. 1-147853
(1989) discloses a photodetector module comprising an
IC having a photodetector such as a photodiode and an
amplifier circuit provided on the same substrate and a
photoresist material covering the same, which are
housed in a clear mold package. In such a module, a
frame covers the IC so that no light is applied to por-
tions other than the photodetector, while the same is
provided with a window for applying light to the pho-
todetector. Japanese Patent Laying-Open No. 1-152664
(1989) discloses a semiconductor device comprising an
integrated circuit pellet containing a photodetector
which is housed in a light iransmitting resin package. In
such a semiconductor device, a plate having a through
hole in a position corresponding to the photodetector is
brought into close contact with the surface of the resin
package. This plate is prepared from aluminum, for
example, to intercept light. Thus, it is possible to apply
light only to the photodetector through this plate.

With recent prevalence of note-type personal com-
puters and electronic notebooks, ICs are increasingly
reduced in size and thickness. Further, packages for
dynamic RAMSs, One Time Programmable ROMs and
the like are also increasingly reduced in thickness and
weight. Consequently, TSOPs (thin small outline pack-
ages), which are only about 1 mm in thickness, are put
into practice in succession.

However, while a conventional resin package for a
semiconductor device has a sufficient thickness for in-
tercepting light, the thickness of a resin material form-
ing a TSOP is so small that light may reach a semicon-
ductor chip. If light passes through the resin material to
reach the semiconductor chip, the storage contents of a
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memory may be erroneously erased in the case of the
One Time Programmable ROM, while a malfunction
may be caused by leakage of a cell charge or a leakage
current in a circuit part in the case of a dynamic RAM.
The degree of such a malfunction may depend on inten-
sity of the light and the thickness of the resin material.

The aforementioned techniques regarding photode-
tectors can be applied in order to solve such a problem.
However, none of such techniques can guarantee a
sufficient light shielding property while maintaining the
package in the reduced thickness and weight.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
semiconductor device having a resin package which is
reduced in thickness and weight, with sufficient guaran-
tee for a light shielding property.

Another object of the present invention is to provide
a package for a semiconductor device, which can suffi-
ciently guarantee a light shielding property for a TSOP.

According to one aspect of the present invention,
provided 1s a semiconductor device comprising a semi-
conductor chip which is directly covered with a resin
material having a light shielding property, and this
semiconductor device further comprises a light shield-
ing film provided on the, resin material. The resin mate-
rial can be prepared from epoxy resin, for example. A
coloring agent such as carbon black, a filler, and the like
may be added to the resin material at need.

The aforementioned film can be formed by a seal
having a surface which is covered with a metal and a
rear surface which is colored black. The metal may be
prepared from aluminum or silver, for example. This
seal is preferably bonded onto the surface of the resin
material sealing the semiconductor chip, to sufficiently
effectively cover the semiconductor chip. The seal may
substantially cover the overall surface of the resin mate-
rial, or partially cover the same. When the thickness of
the resin material deposited on the semiconductor chip
1s not more than 200 um or that of the semiconductor
device itself is not more than 1 mm, this seal has a re-
markable effect particularly in relation to a light shield-
ing function. The seal reflects light on its surface, while
the same absorbs light on its rear surface. Due to such a
double mechanism, it is possible to sufficiently intercept
light with a small thickness. Since the seal is not bulky,
the weight of the semiconductor device is not much
increased.

The aforementioned film can be formed by a metal
layer or a ceramic layer, which is deposited in a vapor
phase. In this case, it is preferable that the thickness of
the resin material deposited on the semiconductor chip
is not more than 200 wm, or that of the semiconductor
device itself is not more than 1 mm. The metal layer can
be prepared from aluminum or silver, for example. On
the other hand, the ceramic layer can be essentially
prepared from alumina or SiO», for example. The metal
or ceramic layer may be formed over the entire surface
of the resin material, or a portion, where the same can
sufficiently cover the semiconductor chip, on the sur-
face of the resin material. Such a metal or ceramic layer
deposited in a vapor phase sufficiently effectively inter-
cepts light, although the same is extremely thin. This
layer effectively maintains the reduced size of the semi-
conductor device, and will not much increase the
weight thereof.

Further, the aforementioned film can be prepared
from an insulating material which is different in refrac-



5,394,014

3

tive index from the resin material. For example, such an
insulating material is prepared from the same material as
the resin material, which has a surface portion being
promoted to gelate as compared with other portions, or
which is different in distribution of molecular weight or
degree of polymerization from the resin material, or a

material which 1s different from the resin material and
mainly composed of tetrahydrofuran or thermosetting
resin. In the case of the same material, such a film can be

formed by partially heating the surface of the resin
material for causing gelation. In the case of a different
material, on the other hand, the film can be formed by
a method of dipping a resin mold in a melted insulating
material and thereafter extracting the same for a drying
or photo-hardening process, a method of applying an
insulating material to a resin mold, or the like. The
insulating material may cover the overall surface of the
resin material, or partially cover the same. Further, a
single layer of an insulating material, or at least two
layers of different insulating materials may be provided
on a resin mold. The insulating material and the resin
mold are adapted to refract external light to prevent
penetration of the light. Further, it is possible to reduce
transmittance of such light by overlapping matenals
having different refractive indices. In addition, the insu-
lating material may contain a material for absorbing
light. Such a maternal is prepared from an oxide, a sul-
fide or a salt of a metal, an inorganic pigment such as a
ferrocyanic compound, or an organic pigment such as
an azo-based one or a phthalocyanine-based one, for
example. _

In accordance with another aspect of the present
invention, provided is a semiconductor device compris-
ing a semiconductor chip which is directly covered
with a resin material having a light shielding property,
and this resin material 1s mixed with a material for ab-
sorbing light. The material for absorbing light is pre-
pared from an oxide, a sulfide or a sait of a metal, an
inorganic pigment such as a ferrocyanic compound, or
an organic pigment such as an azo-based one or a
phthalocyanine-based one, four example. When the
thickness of the resin material deposited on the semicon-
ductor chip 1s not more than 200 pm or that of the
semiconductor device itself is not more than 1 mm, such
a light absorbing material particularly serves a remark-
able function in relation to a light shielding property.
The light shielding property of a resin mold is further
improved by addition of such a light absorbing material.

According to still another aspect of the present inven-
tion, provided is a semiconductor device comprising a
semiconductor chip which is covered with a resin mate-
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rial having a light shielding property, and the surface of

the semiconductor chip is covered with a polyimide

film which is mixed with a black substance. Such a
black substance is prepared from carbon or the like, for
example. The black polyimide film protects the semi-
conductor chip against light.

According to a further aspect of the present inven-
tion, provided is a package for covering a semiconduc-
tor device, comprising a semiconductor chip which is
covered witch a resin material, for shielding the same
against light. This package is adapted to cover one or at
least two semiconductor devices which are mounted on
a wiring board. This package is particularly effective
when the thickness of the resin material deposited on
the semiconductor chip is not more than 200 um or that
of the semiconductor device itself is not more than 1
mm. The package can be made of resin, ceramics or a
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metal, for example. This package covers one or at least -
two semiconductor devices which are mounted on a
wirlng board, to protect the semiconductor device(s)
against light.

The foregoing and other objects, features, aspects
and advantages of the present invention will become

more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view schematically showing a
semiconductor device according to a first embodiment
of the present invention;

FIG. 2 1s a sectional view showing the structure of a
light shielding seal which is employed in the first em-
bodiment; '

FIG. 3 1s a sectional view schematically showing a
semiconductor device according to a second embodi-
ment of the present invention; FIG. 4 is a sectional view
schematically showing a semiconductor device accord-
ing to a third embodiment of the present invention;

FIG. 5 1s a sectional view schematically showing a
semiconductor device according to a fourth embodi-
ment of the present invention;

FIG. 6 is a sectional view schematically showing a
semiconductor device according to a fifth embodiment
of the present invention;

FIG. 7 1s a sectional view schematically showing the
structure of a semiconductor chip which is provided in
the fifth embodiments of the present invention;

F1G. 8 is a sectional view showing a package for a
semiconductor device according to a sixth embodiment
of the present invention; and

FIG. 9 is a plan view partially showing the package
according to the sixth embodiment covering a semicon-
ductor device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FI1G. 1 shows a semiconductor device 10 according
to a first embodiment of the present invention. A semi-
conductor chip 2, which is provided on a substrate 7, is
connected to lead terminals 3 through wires 4, and
housed in a molded resin package 1. The resin package
1 is made of epoxy resin which is mixed with carbon
black and a filler. Further, a light shielding seal § is
bonded onto the upper surface of the resin package 1. In
this semiconductor device 10, the semiconductor chip 2
has a thickness dj of about 450 pm, the substrate 7 has a
thickness dj of about 150 um, and a part, which is de-
posited on the semiconductor chip 2, of the resin pack-
age 1 has a thickness d3 of about 200 um. The resin
package 1 has a thickness D of about 1 mm.

Referring to FIG. 2, the light shielding seal 5 is
formed by stacking a metal deposition layer 11 of alumi-
num or the like, a silicon-based adhesive layer 12 which
1s colored black, and a protective film 13 of polyester or
the like on a mount 14. The metal deposition layer 11
reflects light, while the adhesive layer 12 absorbs light.

Thus, the light shielding seal § reflects light by the
metal deposition layer and absorbs light by the black
coloring agent which is applied onto its rear surface.
This seal 5 15 adapted to intercept external light with the
resin package 1.

FIG. 3 shows a second embodiment of the present
invention. Referring to FIG. 3, the structure and dimen-
sions of a semiconductor device 20 according to this
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embodiment are similar to those of the semiconductor
device 10 of the first embodiment, except for the light
shielding seal 5. A resin package 1 of this semiconductor
device 20 1s made of epoxy resin, which is mixed with
carbon black and a filler, similarly to that of the first
embodiment.

An alumina layer 12 is formed on the upper surface of

the resin package 1 by CVD. This alumina layer 21 has
a thickness of about 100 um. More preferably, the thick-
ness of the alumina layer 21 is not more than 100 LLm, SO
that the thickness of the semiconductor device 20 is not
increased by this layer 21. The alumina layer 21 is
adapted to Intercept external light. In place of alumina,
ceramics such as Si0y, or a metal such as Al, Ag or W
may be deposited on the resin package 1. When a metal
1s deposited, it is necessary to carefully treat the metal
film so that the same is not in contact with lead termi-
nals.

FIG. 4 shows a third embodiment of the present
invention. Referring to FIG. 4, the structure and dimen-
sions of a semiconductor device 30 according to this
embodiment are similar to those of the semiconductor
device 10 of the first embodiment, except for the light
shielding seal 5. A resin package 1 of this semiconductor
device 30 is made of a material which is similar to that
of the first embodiment. On the other hand, the surface
of the resin package 1 is substantially entirely covered
with a film 31, which is made of the same material as the
resin package 1. This film 31 is promoted to gelate by
heating at least on its surface. The film 31 can alterna-
tively be made of a material, such as polyester resin, for
example, which is different from that for the resin pack-
age 1. In this case, the package 1 is dipped in a polyester
solution, hardened and dried, thereby forming the film
31. This film 31 has a refractive index which is different
from that of the resin package 1, to effectively prevent
penetration of light.

FIG. § shows a semiconductor device 40 according
to a fourth embodiment of the present invention. Refer-
ring to FIG. §, a semiconductor chip 2, which is pro-
vided on a substrate 7, is connected to lead terminals 3
through wires 4, and housed in a molded resin package
41. The overall resin package 41 homogeneously con-
tains carbon black, as well as black iron oxide or aniline
black, which absorbs light over a range of ultraviolet to
infrared regions. Further, the resin package 1 can con-
tain at least one of an oxide, a sulfide and a salt of a
metal, an inorganic pigment such as a ferrocyanic com-
pound, and an organic pigment such as an azo-based or
phthalocyanine-based one.

FI1G. 6 shows a semiconductor device 50 according
to a fifth embodiment of the present invention. Refer-
ring to FIG. 6, the surface of a semiconductor chip 62,
which is provided on a substrate 7, is covered with an
absorption layer 61 of polyimide mixed with carbon
black. The semiconductor chip 62 has a structure shown
in F1G. 7, for example. An N+-type diffusion layer 52 is
formed in a p-type silicon substrate 51, while an oxide
film 33, a cell plate 54, a smooth coat 55, a bit line 56, a
nitride coat 57, and word lines 59 are formed on the
substrate S1. The absorption layer 61 is formed on the
nitride coat 57. This absorption layer 61 can effectively
absorb light whose wavelength is below that of infrared
light. Thus, external light is further intercepted by the
absorption layer 61.

FIG. 8 shows a sixth embodiment of the present in-
vention. Referring to FIG. 8, a semiconductor device
80 which is mounted on a wiring board 87 is covered
with a package 81. The package 81, which is made of
epoxy resm, is bonded onto the wiring board 87. The
structure and dimensions of the semiconductor device
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80 are similar to those of the semiconductor device 10
according to the first embodiment, except for the light
shielding seal 5. |

As shown in FIG. 9, a single semiconductor device
may be covered with a package 91qa, or a plurality of

semiconductor devices may be covered with a package

915. The material for such packages is not restricted to
the aforementioned epoxy resin, but may alternatively
be prepared from another resin such as silicone resin,
ceramics such as alumina, a metal, or the like. When a
package is made of resin, it is possible to mix the resin
with a material which absorbs and/or reflects light.

In each of the aforementioned embodiments, the resin
package may be mixed with silica which is colored with
an 1norganic or organic pigment, to be improved in light
shielding ability.

According to the present invention, as hereinabove
described, it is possible to provide a highly reliable
semiconductor device, which is improved in light

shielding property, without substantially changing the

reduced weight and size of the semiconductor device.
According to the present invention, further, a semicon-
ductor device which is packaged on a wiring board can
be effectively shielded against light, to be improved in
reliability. Thus, it is possible to prevent a dynamic
RAM from a malfunction which may be caused by
light, as well as to prevent a ROM from erroneous
memory erasing which may be caused by light.

Although the present invention has been described
and 1llustrated in detail, it is clearly understood that the
same 1s by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What is claimed is:

1. A semiconductor device, comprising:

a semiconductor chip; and

a resin mold having a light shielding property in

which said semiconductor chip is housed; wherein
sald semiconductor chip has its surface covered with
a layer of polyimide mixed with a black material,
said layer being discrete from said resin mold; and
wherein the thickness of said resin mold deposited on
the semiconductor is less than 200 microns.

2. The semiconductor device according to claim 1,
wherein said black material is carbon.

3. The semiconductor device according to claim 1,
wherein thickness of said semiconductor device itself is
not higher than 1 mm.

4. The semiconductor device according to claim 1,
wherem said resin mold is essentially made of a epoxy

resin containing carbon black and a filler.

S. A semiconductor device, comprising:

a semiconductor chip; and

a resmn mold having a light shielding property in

which said semiconductor chip is housed; wherein
said semiconductor chip has its surface covered with
a layer of polyimide mixed with a black material,
said layer being discrete from said resin mold, and
thickness of said semiconductor device itself is less
than 1 mm.

6. The semiconductor device according to claim 5,
wherein said black material is carbon.

7. The semiconductor device according to claim 5,
wherein said resin mold is made essentially of an epoxy
resin containing carbon black and a filler.

8. The semiconductor device according to claim 5,
wherein thickness of said resin mold deposited on said

semiconductor chip is less than 200 pm.
¥ k *x % ¥
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